Objective: To investigate whether socioeconomic status and psychological well-being (eudaimonic and hedonic aspects) predicted nondiabetic levels of glycosylated hemoglobin (HbA 1c ) over time, after adjusting for covariates and baseline level of HbA 1c . Methods: These questions were investigated with a longitudinal sample (n ϭ 97; age ϭ 61-91 years) of older women without diabetes. Socioeconomic status, well-being, and health behaviors were assessed using self-administered questionnaires. Fasting blood samples for assays of HbA 1c were obtained before 7 AM during the respondents' overnight stay at the General Clinical Research Center at the University of Wisconsin-Madison. All measurements were obtained at baseline and 2-year follow-up. Results: Regression analyses showed that higher income and positive affect predicted lower levels of HbA 1c , after controlling for baseline HbA 1c and health factors. Additionally, three well-being measures (purpose in life, personal growth, and positive affect) moderated the relationship between income and HbA 1c . Conclusion: These results suggest that psychological well-being and socioeconomic status interact in important ways in influencing nondiabetic glucose metabolism.
INTRODUCTION
G lycosylated hemoglobin (HbA 1c ), an indicator of glycemic control, gives an estimate of the average plasma glucose over the previous 3 months. Glycemic control is essential for the management of Type 1 and Type 2 diabetes, as increased glycemic levels have been reliably linked to diabetes-related complications (1) . However, recent research has highlighted the importance of HbA 1c to the health of people without diabetes: in epidemiological studies, 1% increase in nondiabetic HbA 1c levels was associated with 40% increase in coronary heart disease, 16% increase in cardiovascular disease, and 26% increase in mortality, underscoring the importance of HbA 1c as a progressive cardiovascular risk factor (2) (3) (4) (5) . Given the importance of glucose metabolism to diabetes and cardiovascular health, different indices of nondiabetic glucose metabolism have also been linked to psychosocial and sociodemographic factors, such as depression, hostility, and anger (6) , coping (7, 8) , socioeconomic status (SES) (7) , and neighborhood crime (9) . The goal of this study was to examine the interplay between SES and multiple aspects of positive psychological functioning in predicting cross-time changes in HbA 1c .
SES, Psychosocial Factors, and HbA 1c SES and Glycemic Control
The prevalence of Type 2 diabetes increases with low SES, as indexed by poverty income ratio or employment grade (10 -12) . Furthermore, low SES is associated with poor metabolic control (13) even in countries with universal health care system, despite greater adherence to preventive healthcare measures (14) . These effects are only partly explained by known risk factors associated with low SES such as smoking, obesity, and hypertension.
Consistent with the larger literature on diabetic HbA 1c levels, Feldman and Steptoe (7) documented an inverse relationship between SES, indexed by grade of employment, and nondiabetic HbA 1c in a subsample of the Whitehall II epidemiological cohort of British civil servants. Additionally, Brummett et al. (9) found that worse neighborhood characteristics moderate the effects of caregiving on HbA 1c levels in caregivers without diabetes. Specifically, caregivers and noncaregivers in good neighborhoods had similar HbA 1c levels, whereas caregivers with worse neighborhood characteristics had significantly higher HbA 1c levels than noncaregivers with the same neighborhood characteristics.
SES and Well-Being
The scientific study of well-being distinguishes between eudaimonic well-being, which entails purposeful engagement and self-development, and hedonic well-being, such as happiness and contentment (15, 16) . Although both approaches assess well-being, they address different features of what it means to be well (17) . Evidence has also shown that eudaimonic and hedonic well-being are empirically distinct and clarified that various combinations of them are differentially linked to age and education (18) . In general, eudaimonic well-being has been positively related to education and occupational status (19, 20) , although prior work has also documented resilience among people with low socioeconomic standing or high life adversity (16, (21) (22) (23) (24) . With regard to hedonic well-being, higher income is also related to greater happiness, but effects are generally small (25) . In addition, increases in income are not associated with increases in wellbeing (26, 27) .
Psychosocial Factors and HbA 1c
Relevant to the present study, psychosocial factors have been linked to HbA 1c in people without diabetes. Work by Feldman and Steptoe (7) documented an inverse association between problem-focused coping and HbA 1c and also linked a cumulative measure of psychosocial adversity and vulnerability to increased HbA 1c (28) . Tsenkova, Love, Singer, and Ryff (8) showed that higher levels of problem-focused coping and positive affect predicted cross-time decline in HbA 1c levels in older women without diabetes, after controlling for baseline HbA 1c and sociodemographic and health factors. Furthermore, positive affect was found to moderate the effects of problemfocused coping, such that the adverse effects of low problemfocused coping on cross-time changes in HbA 1c were amplified among those who also had low levels of positive affect. To our knowledge, no study has linked both measures of eudaimonic and hedonic well-being to HbA 1c , at the same time considering their interplay with SES.
Study Aims
Drawing on previous literature, we aimed to assess the links between SES, eudaimonic and hedonic well-being with levels of HbA 1c in a sample of aging women without diabetes. By using a nondiabetic sample, it becomes possible to demonstrate that the relationships observed are not mediated through diabetes-related responsibilities (e.g., checking glucose levels, taking medications, monitoring diet and exercise), but rather reflect more general processes related to the biological correlates of well-being and SES.
Using a longitudinal sample, which allows us to predict changes in HbA 1c , we sought to extend previous research in four key ways: a) test the effects of SES on HbA 1c and investigate whether the links depend on the SES measure used (income or years of education); b) investigate the independent effects (i.e., whether one occurs net of the other) of eudaimonic and hedonic well-being on HbA 1c ; c) test for possible interactive influences between SES and well-being; and d) investigate whether all hypothesized effects were independent of the possible influence of negative affectivity. The latter is responsive to recent observations about the importance of investigating whether the health benefits attributed to positive affect were not mere reflections of the absence of negative affect (29, 30) .
With regard to hypotheses, we drew on the prior literature to predict that higher SES, measured by income and years of education, would predict lower cross-time levels of HbA 1c . Furthermore, we expected that higher eudaimonic and hedonic well-being would also be independently linked with lower cross-time levels of HbA 1c .
Finally, based on previous work on resilience, we tested whether well-being moderates the relationship between SES and glycemic control. Given our interest in positive health (8, 16, 31) , we were particularly interested in whether high well-being might compensate for the risks associated with low SES, rendering their HbA 1c levels comparable with those individuals with high SES. Conversely, low well-being was expected to have detrimental effects, serving to amplify the adverse effects of low SES, and thereby contribute to worse glycemic control. Finally, we also hypothesized that all of the above effects would hold after controlling for negative affect in the models.
METHOD Participants
Respondents were older women without diabetes from a prior four-wave longitudinal study of aging women who were undergoing community relocation (n ϭ 301). About 5 years later, additional research support allowed for a fifth wave of data collection that included psychosocial assessments and baseline biomarkers on approximately half of the original sample (n ϭ 135). Among those from the original study who did not participate, 16% were no longer eligible (due to death, morbidity, or moving out of the area); another 42% declined to participate (for no stated reason, or due to concerns about health and demands of the study). The newly recruited sample was not significantly different from the original sample with regard to chronic conditions, health symptoms, income, or marital status, although they did score significantly higher on four of the six eudaimonic well-being measures (environmental mastery, personal growth, purpose in life, and self-acceptance) than the original sample. No comparisons on positive affect were available as those scales were added to the biomarker study.
Two years later, parallel psychological and biological measures were obtained on 115 of these women. Attrition analyses showed no significant differences on any variable of interest (HbA 1c , positive and negative affect, eudaimonic scales) between women who participated in both waves of biomarker collection and those who dropped out. Of the 115 women who provided data in both waves of biological data collection, 97 met the inclusion criteria of having no history of diet or pharmacologically controlled diabetes and HbA 1c levels Ͻ7.0%. The first wave of biological data collection took place between February 2000 and January 2002; the second wave was completed between April 2002 and March 2004; the biomarker supplement was approved by the Institutional Review Board, Protocol 1996-446. Women in the current study were predominantly white (97% were white and 3% black) and ranged in age from 61 to 91 years (mean ϭ 73.86 years) when they first participated in comprehensive psychosocial and biological assessments. The sample income was comparable to the US Census data for older adults, which found that between 2000 and 2004, 10% of adults Ͼ65 years lived in poverty, 28% had low income, 35% had middle income, and 27% had high income. For our participants, these numbers are respectively 12%, 26%, 42%, and 20% (32). Participants were paid $100 compensation in addition to all travel expenses. Participants signed the informed consent form when they arrived for an overnight stay at the General Clinical Research Center (GCRC) located within the University of Wisconsin Hospital and Clinics. Table 1 shows the descriptive characteristics of the study sample.
Measures
All psychosocial and biological measures were collected at baseline and 2-year follow-up. Self-administered questionnaires were sent to respondents 3 to 4 weeks before their visit to the University of Wisconsin-Madison campus for the biomarker assessments. These questionnaires were completed independently and returned to investigators at the time of their campus visit. Demographic data such as marital status, income, education, and age were also obtained.
Socioeconomic Status
SES was operationalized by two variables: pretax household income and years of education completed. Data were obtained from self-administered questionnaires completed before the biological data collection. A measure of wealth or assets for the respondents was not available.
Psychosocial
Eudaimonic well-being refers to the realization of personal potential (16) and was measured with Ryff's psychological well-being scales (33) . This instrument incorporates six 14-item scales that represent different dimensions V. K. TSENKOVA et al.
of well-being based on theoretical integration of numerous formulations of positive functioning and include autonomy, environmental mastery, personal growth, positive relations with others, purpose in life, and self-acceptance. Internal consistency for the six scales ranged from 0.85 to 0.92 (Table 2) . Previous publications have documented the reliability and validity of the scales (33, 34) . The hypothesized 6-factor structure of well-being has been supported by multiple confirmatory factor analytic studies, including some involving nationally representative samples (34 -39) . Recent work has also documented that eudaimonic well-being is empirically distinct from, yet related to, hedonic well-being (17) .
Hedonic well-being was assessed using the positive affect scale of the short form Mood and Anxiety Symptom Questionnaire (MASQ) (40) . The MASQ-Short Form uses five scales to measure a respondent's mood and gather information about problems and experiences that the respondent may have encountered over the past week. The high positive affect subscale includes 14 items that capture more hedonic, joy-in-living aspects of positive affect and ask respondents how much they had felt various positive emotions (e.g., happy, cheerful, optimistic, having fun) in the past week. The other four subscales-general distress-depressive symptoms (12 items), general distress-anxious symptoms (11 items), loss of interest (8 items), and anxious arousal (17 items)-tap symptoms indicative of negative affectivity. Respondents were asked to indicate the extent to which each statement described their feelings over the past week. Response options ranged from 1 (not at all) to 5 (extremely) ( Table 2 ).
Physical and Biological Measures
After completing the self-administered questionnaires, participants were admitted to the GCRC. A nurse or physician took the respondent's medical history and conducted a physical health examination. GCRC nursing staff obtained blood samples. Use of prescription and over-the-counter medications was recorded during the GCRC visit. Fasting blood samples for assays of HbA 1c were obtained before 7 AM during the respondents' overnight stay by the nursing staff. Assays were carried out using a high-performance liquid chromatography, a boronate affinity HbA 1c method that is not subject to analytical interference by hemoglobin variants (41) . The coefficient of variation for this method is 3.4% for people without diabetes. All assays were conducted at the University of Wisconsin Hospital and Clinics Clinical Laboratory.
Statistical Method
Frequency distributions for all continuous measures were first examined and normalized as needed. Specific items related to overall health or conditions with which HbA 1c has been linked were then selected for preliminary correlational analyses. These included smoking and drinking history, family history of diabetes, medications (blood pressure, depression, ␤ blockers, cholesterol, corticosteroid), age, income, years of education, marital status (coded as married versus all others), heart disease or problems, and waist-tohip ratio (WHR). Only those showing significant correlations (p Ͻ .05) with HbA 1c were kept in the regression model as covariates. This final set of Multiple regression analyses were conducted in which the final set of covariates was included at the first step of the multivariate model. Baseline measure of HbA 1c was then added at the second step of the model. After including covariates and baseline HbA 1c levels, two types of models were created. First, main effects models consisted of separate regression models run for each SES or psychosocial factor (income, years of education, positive affect, psychological well-being). Second, interaction models included a measure of SES and well-being at step 4 as well as their interaction term at step 5. All continuous independent variables were mean-centered.
Further analyses were built on the above analytic models to test the independence of eudaimonic and hedonic well-being from each other as well as net of effects of negative affect. Specifically, to assess whether the effects of hedonic well-being are independent of eudaimonic well-being, measures of the latter were included as covariates, both as individual controls (i.e., only one eudaimonic well-being subscale), and all six subscales together. In the models testing the independence of eudaimonic well-being, hedonic wellbeing was added as a covariate in each model.
To test the independence of the positive and negative measures used, the measures of negative affect, both as individual controls (i.e., only one MASQ negative affectivity subscale) and all four subscales together were added as further covariates to all models. Finally, since 12% of our sample was taking antidepressant medications (Table 1) , the effects of diagnosis of depression were controlled as well.
Missing Values
There was one missing value in baseline HbA 1c measurement. In all analyses, pairwise deletion was used and only cases that did not have data on a variable used in the current calculation were omitted.
RESULTS
All regression models described below included the full set of control variables and a baseline measure of HbA 1c . Table 3 shows the results of hierarchical regression analyses of different SES and well-being measures predicting follow-up HbA 1c .
Main Effect Models

SES
The first hypothesis tested whether baseline measures of SES predicted cross-time changes in HbA 1c levels. Pretax household income was a significant predictor of lower crosstime HbA 1c levels (R 2 ϭ .399; ␤ ϭ Ϫ0.186; p Ͻ .05). Years of education did not predict HbA 1c levels.
Well-Being
The second hypothesis investigated the effects of eudaimonic and hedonic well-being on HbA 1c . None of the scales of eudaimonic well-being was a significant predictor of HbA 1c . However, hedonic well-being, as measured by positive affect, was a significant predictor of lower HbA 1c levels over time (R 2 ϭ .429; ␤ ϭ Ϫ0.243; p Ͻ .01). 1 Because the use of univariable screening of control variables for inclusion in the regression models may result in lack of stability in small samples (52), we did a principal components analysis (PCA) with the original set of 12 possible covariates and another PCA using only the final set of five covariates included in the manuscript. The PCA of all possible covariates produced five factors (across various rotational schemes), and as such, offered no gain over the number of covariates we already had in the model (i.e., 5). However, the PCA of final covariates did provide a reduction from five variables to two factors. Therefore, we extracted factor scores for each individual and reran the regression models, using these scores (instead of the five prior covariates). Results were consistent with our previous findings; i.e., no differences were evident in significance levels and only slight differences existed in the regression coefficients in main effect models, interaction models, and their subsequent simple slope analyses. Thus, we found no evidence of instability in the findings and kept the original covariates because the information about them is more easily interpretable than using the two extracted components. 
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Interaction Models SES, Well-Being, and HbA 1c
Our third hypothesis investigated whether well-being moderated the relationship between SES and HbA 1c (Table 4) . Three significant interactions were obtained: both eudaimonic (purpose in life and personal growth) and hedonic (positive affect) well-being moderated the relationship between HbA 1c and income. The interactions were graphed according to the established procedures (42), followed by tests of whether the slope of the simple regression line was significantly different from zero at 1 standard deviation above and below the mean of well-being. Results showed a consistent pattern: low levels of positive affect (␤ ϭ Ϫ0.023; SE ϭ 0.006; p Ͻ .01), purpose in life (␤ ϭ Ϫ0.020; SE ϭ 0.006; p Ͻ .01), and personal growth (␤ ϭ Ϫ0.020; SE ϭ 0.006; p Ͻ .01) amplified the adverse effects of low income on cross-time changes in HbA 1c .
This pattern, illustrated in Figure 1 , shows that among participants with low income, low well-being amplified the detrimental effect, contributing to ever higher levels of HbA 1c . The simple slopes for high well-being were not significantly different from zero, thus illustrating that the HbA 1c levels of these individuals did not vary depending on whether they were economically advantaged or disadvantaged. The same pattern of effects was also obtained for the measures of personal growth and positive affect.
Independence Models (results not shown)
Statistically controlling for hedonic well-being did not affect the nonsignificant relationship between eudaimonic well-being and HbA 1c . Similarly, including measures of eudaimonic wellbeing-individually or altogether-did not change the significant relationship between positive affect and HbA 1c . This independence of the relationships between the two measures of well-being and HbA 1c levels was observed in main effect and interaction models.
Finally, statistically controlling for diagnosis of depression and negative affectivity (depressive symptoms, loss of interest, anxious arousal, and distress-anxious)-individually or altogether-did not alter any of the relationships observed in main effect and interaction models. None of the measures of negative affectivity showed a significant relationship to HbA 1c in our models.
DISCUSSION
The key aims of this investigation were to assess the independent and interactive influences of SES and psychological well-being on cross-time changes in HbA 1c in a sample of 
SES, WELL-BEING, AND GLYCOSOLATED HEMOGLOBIN
aging women. First, we found that low SES predicted, as hypothesized, higher levels of HbA 1c over time. The SES measures we used-income and years of education-were moderately related (r ϭ .321; p Ͻ .001), and both were normally distributed in our sample, yet only income was related to cross-time HbA 1c levels. Multiple studies have documented a consistent inverse relationship between SES and incidence of diabetes as well as subsequent glycemic control, with both income and education being implicated. Achieving good glycemic control for people with diabetes involves a complex regimen of responsibilities (e.g., meal preparations, exercise, medication regimens) that may require both knowledge (i.e., education) and resources (i.e., income). These possible mediating influences are not operative among nondiabetics, which makes it difficult to explain why income, but not educational standing, was linked to HbA 1c levels after adjusting for other factors (WHR, age, and medications). Perhaps the differences reflect sampling limitations-namely, the study was based exclusively on older, white women. Thus, a critical requirement in interpreting the differential main effects is determining whether the finding holds when assessed with a more diverse (by age, gender, and SES) sample. We also observed differential patterns with regard to the effects of eudaimonic and hedonic well-being on changes in HbA 1c ; we found such effects for hedonic well-being (positive affect), independent of eudaimonic influences and other covariates, thereby extending our previous findings (8) . Thus, these results add good glycemic control to the growing body of evidence on the health benefits of positive affect, where others have documented longer healthy life expectancy and reduced risk of physical disease as well as reduced risk of mortality, disability, and stroke in older adults (29,44 -47) . However, a parallel main effect benefit of eudaimonic wellbeing was not evident. Our prior research (43) has shown that eudaimonic and hedonic aspects of well-being have largely distinct biological correlates (except for high-density lipoprotein cholesterol). These new findings underscore that the two aspects of well-being are also not equivalent in how they relate to HbA 1c . Such differences call for more precise theoretical formulation of how and why these distinct patterns are evident, an issue to which we return after considering the evidence for moderating effects.
Most previous studies have examined single factor influences on glycemic control, thereby failing to take account of combinations of sociodemographic and psychological factors that might better predict varying levels of HbA 1c (for an exception, see work by Brummett et al. (9)). We found support for the interplay of income with three different aspects of well-being in predicting HbA 1c levels. Specifically, two eudaimonic measures (purpose in life and personal growth) and hedonic well-being (positive affect) moderated the relationship between income and HbA 1c . In all cases, we found that lower well-being amplified the adverse effects of lower economic standing, thus contributing to ever higher levels of HbA 1c . High well-being, in contrast, predicted comparable levels of HbA 1c among those with lower as well as higher levels of income.
Taken together, these findings underscore the importance of putting together sociodemographic factors as well as individual differences in various aspects of psychological well-being in predicting cross-time changes in levels of HbA 1c .
Such moderating effects also extend prior work (23) , which has shown that those with economic disadvantage but compensating good quality relationships had reduced risk of high allostatic load, relative to those who had both SES and relationship vulnerabilities. Additionally, the findings build on previous research linking positive affect to HbA 1c (8) by showing that low positive affect amplifies the adverse effects of low income on glycemic control. Regarding the moderating influences of purpose in life and personal growth, we would also note that these same two dimensions of well-being were previously linked to other biomarkers (e.g., salivary cortisol) in the same sample (16) , thereby suggesting that these particular aspects of well-being are linked to diverse biological systems, perhaps modulating the effects of a larger sociodemographic environment. Such linkages may be particularly relevant in later life, when purpose and growth have been shown to decline on average, although concomitant risk factors for chronic disease are accumulating.
An important part of the present investigation was establishing independence of the various psychosocial predictors. Specifically, we documented that the effects of eudaimonic well-being were independent of the effects of hedonic wellbeing, and vice versa. This finding is consistent with prior work proposing the related yet distinct nature of eudaimonic and hedonic well-being (17) . Additionally, all documented relationships were unaffected by adjusting for negative affect and depression, suggesting that the lower biological risk conferred by positive psychological factors was not attributable to the deleterious effects of negative factors. Evidence is thus mounting that the biological costs linked to low well-being or the benefits linked to high well-being are not merely the flip side of what has been previously documented regarding correlates of psychological distress, but constitute independent influences in their own right.
The mechanisms through which SES and well-being exert their effects on glucose metabolism are not well understood, although hypothalamus-pituitary-adrenal axis activity and immune functioning are likely pathways (16, (43) (44) (45) . More specifically, one possible mechanism explaining the main effect relationship between the positive affect and HbA 1c could be associations with neurotransmitters such as epinephrine and norepinephrine that have been previously linked to positive affect (44 -46) as well as glycemic control (47) . This pathway may not, however, be relevant for understanding the link between eudaimonic well-being, where we observed that the links to HbA 1c are only evident under conditions of socioeconomic disadvantage. Such a pattern extends our prior work showing that SES is positively correlated with purposeful life engagement and personal growth, with the effect especially strong for women (48) .
The mechanistic processes underlying these eudaimonic effects remain to be identified, although they may involve V. K. TSENKOVA et al.
more behavioral pathways (e.g., those who see their lives as purposeful and growth-producing may practice better nutrition, get more exercise, better sleep, and more closely monitor their health status). To assess these differing possibilities, including both behavioral and biological mechanisms, future research on glycemic control must include additional biomarkers as well as assessment of health behaviors, along with the variables of focus in the present investigation.
Our study is limited by the age, gender, and ethnic status (white) of the respondents. Samples with more socioeconomic, ethnic, and age diversity will be needed to determine the relevance of the obtained income and well-being interactions for other social groups. Including more temporal measurements of HbA 1c levels would be advantageous for tracking dynamic change over time, including the important question of whether the patterns observed herein constitute early warning signals for who transitions to disease outcomes.
Glycemic control, we underscore, is essential in diabetes and cardiovascular disease-two major chronic conditions in the US and other industrial nations; hence, the attention given to the diabetic epidemic (49) , together with the related need for increased attention to HbA 1c as a primary indicator of long-term glycemic utilization. Furthermore, HbA 1c is an independent predictor of cardiovascular events, regardless of diabetes status, and as such, is considered an important indicator of cardiovascular risk (2) .
Considering issues of application, we submit that psychosocial resources, such as aspects of well-being, constitute potentially modifiable factors (50, 51) that people bring to their life stressors, including the challenges of social inequality. Thus, interventions to promote well-being, particularly among those who most need it, constitute important future directions related to our findings that well-being moderates the effects of socioeconomic standing on cross-time changes in HbA 1c . Pending confirmation from larger, more diverse samples, our work suggests that glycemic control, which is implicated in multiple health outcomes (diabetes, cardiovascular disease), may itself be partially shaped by standing in the socioeconomic hierarchy as well as by subjective levels of contentment and engagement in life.
